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Abstract 
In order to obtain public agreement on carbon dioxide (CO 2) geological sto rage, it is required to assess the impact of leaked 
CO 2 to our environment and dispel the anxieties as well as to d emonstrate technically the long-term stability of the geological 
CO 2 storage system.  As an essential issue to the assessment of the impact w e should understand CO 2 behavior in sh allow 
geologic layers.  From this point of view the authors carried out an inv estigation on natural gas behavior in shallow geologic 
layers in the vicinity of a natural gas reservoir as one of natural analogues of the behavior of leaked CO 2  arriving from the deep 
storage layer.  In this report the authors introduce the scheme of the investigation and the currently obtained results of the natural 
analogue study. 
The scheme of the investigation aims proposing the procedure to predict the movement of CO2 in shallow geologic layers, that 
is to say, geological surveying, numerical modeling, computing and estimating the impact of the CO 2 to our living environment.  
The surveyed area is located in the Mobara gas field near Tokyo, Japan.  It is said that the natural gas is dissolved in the brine 
in the turbidite sandstone layers of Pliocene-Pleistocene at the depth more than 200 meters below sea level.  The land area is 
utilized as rice field and we can observe the spotted natural gas gushing when the rice field is filled with water.  In this area the 
authors performed the exploratory investigation, borehole logging, electrical prospecting, underground radio detection, isotope 
analysis as well as natural gas flux measurement.  They  also studied the gas movement in the shallow layers by means of 
numerical analysis.   
The results of these efforts are briefly described as follows:  The natural gas is not biologically originated near the surface but 
comes from rather deeper zone.  The i mpermeable clayey layer traps the natural gas in gaseous phase and the geological structure 
such as faults and formations of the sedimentary layers restricts the footprint of the discharge of natural gas at the surface. 
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1. Introduction 
Geological storage of CO2 is one of the innovative technologies to reduce greenhouse gas emissions to the 
atmosphere.  Past and present demonstration programs might promise the effectiveness of the geological storage of 
CO2.  Nevertheless in order to obtain public agreement on CO2 geological storage, it is required to assess the 
impact of leaked CO2 to our environment and dispel the anxieties as well as to demonstrate the long-term stability 
of the geological CO2 storage system.  General concept of CO2 behavior in near field is schematically drawn as in 
Figure 1.  In this context, we should understand CO2 behavior in shallow geologic layers as an essential issue for the 
assessment of the impact.  From this point of view the authors carried out an investigation on natural gas behavior in 
shallow geologic layers in the vicinity of a natural gas field as one of natural analogues of the behavior of leaked 
CO2 arriving from the deep storage layer.  
This paper describes the outline of the field investigation and the currently obtained results of the natural 
analogue study.  The field investigation includes geological, geochemical and geohydrological surveys.  The results 
of the investigation suggests that the gas behavior in shallow layers is affected strongly by the faults and formations 
of sedimentary layers.  
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Figure 1  General  concept of CO2 behavior in near field  
2. Field study  
2.1.  Surveyed field  
The surveyed field is located in the Mobara gas field nea r Tokyo, Japan.  It is said that the natural gas around the 
area is dissolved in the brine in the turbidite sandstone layers of Pliocene -Pleistocene at the depth more than 200 
meters below sea level.  The land area is utilized as rice field and we can observe the spotted natural gas gushing 
when the rice field is filled with water(Fig ure 2).  Fig ure 2 shows the observed leakage in the field.  We can see the 
leakages points distributed partially.  
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Figure 2  Distribution of natural gas leakage  
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2.2.  Natural gas flux measurement  
Figure 3  shows a typical area where the degree of leakage intensity was ranked.  When the rice field was filled 
with water, we could see gushing bubbles of natural gas and plot the points of leakage.  Each point was ranked in a 
mann er of interval.  For example, if bubbles at a point were observed continuously, the point was ranked A.  Rank B 
is corresponded with the point where bubbles came out in 1- or 2 -second interval.  At a typical point of each ranked 
leakage the quantity of leakage was measured by means of water -gas substitution.  With this process the footprint of 
the discharge of natural gas was drawn as in Fig ure 3 and the amount of leakage was estimated as around 150m3 - 
300m3/day. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3  Amount of leakage 
 
2.3.  Geologic survey 
The field exploratory around the test area suggested at least two faults, F1 and F2 passing through the area.  In 
order to make clear the geological condition, boring exploration was carried out.  Fig ure 4  shows the result of the 
boring exploration.   The result shows that the geology of the site is monocline, F1 as well as F2 are normal faults, 
and displacements of F1 and F2 are approximately 20m and 8m displacement.  Another fault was found as F1.5 
adjacent F1.  The gas discharge was conc entrated beween F1 and F2.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4  Boring exploration  
K. Nakagawa et al. / Energy Procedia 1 (2009) 1903–1907 1905
4 Author name / Energy Procedia 00 ( 2008) 000 –000 
 
2.4.  Carbon isotope measurement  
Subsurface gas was carefully sampled from the boreholes and the drillcores.   The result was shown in Figure 5.  
The result suggested that the natural gas is n ot biologically originated near the surface but comes from rather deeper 
zone.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5  dC㧔CH4㧘CO2㧕 in the field  
 
2.5.  Geohydrological survey 
As a geohydrological survey, underground water pressure transition test was performed between the bor eholes 
which were drilled through the fault F1.  The water pressure transition test was performed as follows:  A target 
section was isolated in the injection borehole by means of a double -packer system.  At the target section the water 
was injected and the pressure of the water was controlled sinusoidally.  During pressure variation at the injection 
borehole, the pressure responces in adjacent observation boreholes were measured.  As an example of the results 
Figure 6  shows that the fault F1 might obstruct the pressure responce.  This suggests that the fault F1 might work as 
an impervious zone and restrict the movement of gas in the underground.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6  Example of the results 
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3. Conclusion  
This paper has described the outline of the field investigation on the natural gas discharge as a natural analogue 
of the discharge phenomenon of CO2.  The conclusion from the obtained results of the field test was given as 
follows: 
Isotope survey of the underground gas suggested that the discharged natural gas originally came from deep 
reservoir of the natural gas.  This means that the movement of the natural gas in this area is considered reasonale as 
a natural analogue of leaked CO2.  
The impermeable clayey layer traps the natural gas in gaseous phase and the geological structure such as faults 
and formations of the sedimentary layers may restrict the footprint of the discharge of natural gas at the 
surface(Figure 7).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8  Assumed gas state in the shallow layers  
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